The effect of phenol derivatives on cyanide-insensitive respiration of Sp. ruberrimus was studied. Among various phenol derivatives tested, the o-diphenols, pyrocatechol and pyrogallol, were found to be specific inhibitors of the cyanide-insensitive respiration of Sp. ruberrimus but they did not affect its glucose oxidation. ra-Diphenols and /?-diphenols had no specific inhibitory effects on the cyanide-insensitive respiration. Also, the cyanide-insensitive respiration was inhibited by the addition of salicylhydroxamic acid, which is a specific inhibitor of the cyanide-insensitive terminal oxidase of plant mitochondria. We reported previously1] that the respiration of a red yeast, Sporobolomyces ruberrimus, was not inhibited at all by cyanide (CN) or carbon monoxide (CO), but that the oxygen uptake of the yeast was rather accelerated by these inhibitors. The presence and functioning of cytochrome oxidase were demonstrated in this yeast, so the existence of another cyanide- hibited by hydroxamic acids, especially salicylhydroxamic acid (SHAM), which has no effect on either the respiratory pathway through cytochrome oxidase or the mitochondrial energy coupling reaction. Aside from their results, we found that the 6>-diphenols, pyrocatechol and pyrogallol, are specific inhibitors of the cyanide-insensitive respiratory pathway in Sp. ruberrimus.
We reported previously1] that the respiration of a red yeast, Sporobolomyces ruberrimus, was not inhibited at all by cyanide (CN) or carbon monoxide (CO), but that the oxygen uptake of the yeast was rather accelerated by these inhibitors. The presence and functioning of cytochrome oxidase were demonstrated in this yeast, so the existence of another cyanideinsensitive oxidative enzymesystem was assumed. Many papers on cyanide-resistant or -insensitive respiration in various organisms other than yeasts have been presented, and the existence of alternative terminal oxidases has been recognized, but the details remained unclear.2) Schonbaum et al?) showed that in plant mitochondria an alternative cyanideinsensitive terminal oxidase is specifically inhibited by hydroxamic acids, especially salicylhydroxamic acid (SHAM), which has no effect on either the respiratory pathway through cytochrome oxidase or the mitochondrial energy coupling reaction. Aside from their results, we found that the 6>-diphenols, pyrocatechol and pyrogallol, are specific inhibitors of the cyanide-insensitive respiratory pathway in Sp. ruberrimus.
The results are reported in this paper.
MATERIALS AND METHODS
Microorganism. Sporobolomyces ruberrimus4) used in this work was grown in the medium described previously1' for 2 days at 25°C with shaking. As described in the previous report,1' resting cells, which were shaken in 0.2 m phosphate buffer (pH 5.8) for 24hr at 25°C to reduce the endogeneousrespiration as muchas possible, were used for an oxygenuptake method.Oxygen uptake wasmeasured by the Warburg manometric technique at 25°C as described previously,1* and the results were expressed as Qo2 values. In this work, the QO2values were 12-15 and 5~8 for autorespiration with and without NaCN,and 30~35 and 20~30 for glucose respiration with and without NaCN,respectively. The results obtained in the presence of various phenol derivatives were expressed as ratios to the control for autorespiration and glucose oxidation with and without NaCN. All the results presented in this paper are average values for at least triplicate determinations.
Reagents. Salicylhydroxamic acid was purchased from Tokyo Chemical Industry Co., Ltd. Other reagents were obtained commercially.
RESULTS
As shown in Fig. 1 These values are the ratios of QO2 values with the reagent to the values without the reagent for autorespiration and glucose oxidation, respectively.
-, not determined. was evident that pyrocatechol had no effect on the respiratory pathway through cytochrome oxidase.
As pyrocatechol was known to be a substrate for polyphenol oxidase and if pyrocatechol was a substrate for polyphenol oxidase, it was assumed that the respiratory quotient (R.Q.) would be less than 1. As shown in Table I , the respiratory quotient in the presence of pyrocatechol was the same as that in the absence of pyrocatechol for respiration with and without glucose. Also, the respiratory quotient was found to be ca. 1 for autorespiration and glucose respiration with NaCN. As the respiratory quotient of DOPA is less than 1, it appears that DOPA is a substrate for polyphenol oxidase while pyrocatechol is not. According to the results mentioned above, it is possible that pyrocatechol is a specific inhibitor of the CNinsensitive respiratory pathway.
Therefore, pyrocatechol-like derivatives were tested as inhibitors of the CN-insensitive respiratory pathway. The following reagents were prepared freshly just before the experiments.
Benzenedio ls
The ortho(o-)derivative, pyrocatechol, inhibited the CN-insensitive respiration, both autorespiration and glucose respiration, at the concentration of 10 mM.At this concentration, pyrocatechol had no effect by itself on the respiration (Table II) . (Table III) .
Nitrophenols
The inhibitory effect on the CN-insensitive respiration of o-nitrophenol was found to be weak at the concentration of 2niM. mNitrophenol and /?-nitrophenol had toxic effects by themselves (Table IV) .
Pheny lenediam ines
o-Phenylenediamine and m-phenylenediamine did not inhibit the CN-insensitive respiration (Table  V) . /7-Phenylenediamine, known as paramine and to be generally an indicator for the presence of cytochrome oxidase, accelerated the oxygen uptake on respiration without cyanide but did not increase the oxygen uptake on respiration with cyanide.
Benzene triols Pyrogallol, 1 ,2,3-hydroxybenzenetriol, showed inhibition as well as pyrocatechol on the CN-insensitive respiration (Table VI) .
Salicylic acid, guaiacol and p-cresol Salicylic acid showed an inhibitory effect on the CN-insensitive respiration at the concentration of 100mM, i.e. higher than that of pyrocatechol. Guaiacol and /?-cresol inhibited the glucose oxidation independently ( Table Table VI Refer to the footnote to Table II . Table IX , SHAMpartially increased the oxygen uptake on autorespiration and glucose oxidation under the conditions without cyanide but inhibited both the autorespiration and the glucose respiration with cyanide. higher than the value (8 jLtg per ml) reported for mitochondria of Neurospora6) but similar to the value reported for higher plant mitochondria,^and within the range of the same order found for poky cells (ll fig per ml ).7) Yamasaki et al.1] found that the ratio of moles of oxygen consumed to moles of glucose that disappeared from the medium was ca. 1 when cyanide was not used, while it was ca. 3 whencyanide was added. Therefore the sugar used and the oxygen uptake in the respiration with pyrocatechol or SHAM were measured.
The results are shown in Table X. In the presence of pyrocatechol or SHAM, the ratio of moles of oxygen consumedto moles of glucose that disappeared was the same as in the control. These results indicate that the CNinsensitive respiration of Sp. ruberrimus is inhibited by pyrocatechol and SHAM, resembling the case of Neurospora, without the inhibition of glucose assimilation.
As shown in As reported previously,1) intact cells of Sp. ruberrimus utilized 1m glucose for respiration and 5m glucose for assimilation out of6m glucose. The use of glucose in the presence of pyrocatechol or SHAM was similar to that by intact cells (Table X) . Fromthe results described above, it can be assumed that pyrocatechol and SHAMhave no effect physiologically but only inhibit the CN-insensitive respiration.
Schonbaumet al?) reported that the alternative, cyanide insensitive terminal oxidases of mitochondria from mungbeans, potato tubers and skunk cabbages are inhibited by hydroxamic acids, especially salicylhydroxamic acid. They considered that the inhibitory effect of hydroxamic acid required the functional structure, R-CONHOH. As the most effective inhibitor of the alternative cyanide-insensitive pathway is SHAM among the hydroxamic acids, and also as pyrocatechol and pyrogallol are inhibitors of this pathway, it might be that 6>-diphenol derivatives inhibit the alternative cyanide-insensitive respiratory pathway.
